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Locatior-  of  the  Overton  Gour/Gy  Railroad. 
As  an  introcL-Liction  to  the  real  problem  in  the  econoiiiic 
location  of  the  Overton  County  Railroad  it  is  not  proposed 
to  set  forth  all  that  vrriieh  may  be  said  to  be  definitely 
fixed  in  regard  to  the  location  of  any  railroad.  It  is  true 
that  eaci:  line  is  a  distinct  problem  in  itself,  and  even 
furMer  thar:  tiiis,  each  division  of  a  line  is  a  separate 
prcbleiij  in  railroad  location;  and  for  this  reason  the  pre- 
mises upon  which  is  based  the  decision  in  regard  to  any 
question  are  seldom,  if  ever,  of  such  a  nature  as  to  7/arrant 
implicit  trust  in  their  veracit;-.  If  tv;o  railroads  be  iTuilt 
under  v/hat  appear  to  be  almost  precisely  the  same  conditionF^ 
but  in  different  parts  of  the  countr:',  it  has  been  found 
that  the  experience  gained  in  locating  the  first  is  practic- 
ally valueless  as  a  criterion  to  aid.  in  the  location  of  the 
second.  The  poor  location  of  many  American  railroads  may  be 
explained  by  the  fact  that  the  locating  engineer  seldom 
profits  by  the  experience  of  others  in  his  line  of  engineer- 
ing, and  is  deprived  almost  cnLir-ly  of  the  helpful  checks 
vdiich  are  afforded  in  such  abund-ance  to  tiie  desigriing  or 
constructing  engineer  in  the  inspection  and  study  of  designs 
and  plans  which  have  been  given  material  form.  The  problem 
confronting  the  locating  engineer  cannot  be  more  clearly 
or  concisely  presented  than  in  the  v/ay  in  v.diich  it  is  defined 
by  the  late  E.  i;.  Y/ellington  in  nls  masterpiece,  "The 
Economic  Tneory  of  the  Location  of  Rallv;ays".  LIr.  l-'ellington 
says:  n since  there  is  no  natural  line  betv/een  safety  and 
k  danger  to  m.arK.  even  so  rud.e  a  distinction  as  that  between 


the   utxerly  baa  and  th--   barely  toleracle,  in  the  kind  of 
engineering  r/ork  v/e  are  to  fji.udy,  one  may  fairly  aa^r  that 
the  locating  engineer  has  out   one  end  before  hirn  to 

justify  his  existence  as  such to  pet  the  most  value  for  a 

dollar  which  nature  pen-its;  and  but  one  failure  to  fear 

that  lie  will  not  do  so. — X^XXXXXXX — His  true  function  and 
excuse  for  being  as  an  engineer,  as  distingu.ished  fron  a 
skilled  v;orhi:ian,  begins  ax^.d  ends  in  coiaprenending  and  strih- 
mg  a  rust  balance  —  topographical  possibilities,  firsr,  cos' 
and  future  revenue  and  operating  expenses." 

First  lyill  be  considered  briefly  the  three  principle 
factors  affecting  the  problciii,  in  the  order  above  nairied,  but 
separately;  next,  the  tivree  factors  in  their  relations  to 
each  other  will  be  studied;  and  finally,  the  most  profitable 
way  in  which  to  proceed  v/ith  the  location,  as  suggested  by 
all  previous  considerations,  will  be  determined. 

Topographical  Possibilities:-  To  ll±ustrate,  suppose 
it  is  desired  to  locate  a  railroad  bot\7een  two  cities,  A  and 
B.  These  points,  A  and  B,  will  be  called  i.ne  primary  con- 
trolling points. 

The  locating  engineer  determines  from  a  map  or  other- 
wise the  magnetic  bearing  of  the  straight  line  joining  A  and 
B.  Starting  at  A  he  follows  that  course  until  B  is  reached, 
talcing  complete  notes  of  obstacles  v'hich  v/ould  probably  de- 
flect the  line  of  road.  Turning  at  B  he  returns  to  A  on  the 
side  of  the  straight  line  joining  A  and  B  that  seem.s  to 
offer  the  most  feasible  route  nearest  to  the  straight  line. 
When  an  obstacle  is  met  it  is  explored  on  both  sides  for  a 


possible  v/a:  to  pass.  On  returiiinti.  to  A  the  engineer  sn.ould 
possess  sufficient  inf or-mation  to  ene'ole  i,ii;!  to  locs.te  ap- 
pro?: ii-ietely  the  proloa.jlg  secondx-y  cor. trolling  points.  The 
distances  of    ulie  secondary  controlling  points  froiu  tn- 
straight  line  between  A  and  IJ  depends  xaoon  the  diff-iculty  of 
the  country  when  gauged  by  tin;  nia-xiuuia  gradient  and  uhe 
allowable  sharpness  of  curvature,  the  estimated  values  of 
these  quantities  being  Knov;n  from  the  probable  ejiiount  and 
kind  of  traffic,  and  the  general  xopographical  features  of 
the  region.  Very  often  the  most  practlci-ble  river  crossings 
and  tiic  most  available  saddles  in  the  main  divides  between 
these  rivers  are  controlling  tonograpjiic  points. 

After  the  locatior:  of  the  secondary  controlling  points 
a  topographic  map  may  be  made  of  that  portion  of  the  country 
through  which  the  railroad  will  pass.  The  next  step  Is  that 
of  fitting  the  road  to  tr^e  ground  in  the  most  economical 
manner,  which  is  the  ob;ioct  of  this  thesis  for  the  case  of 
the  Overton  County  Railroad. 

First  Cost!-   TJie  first  cost  of  a  railroad  depends 
upon  the  .Lurpose  for  which  it  is  to  be  used  after  con;;truct- 
ion.  If  ligiit  traffic  and  short  trains  are  anticipated 
comparatively  steep  grades  and  moderately  sharp  curvature 
may  be  employed.  However  in  the  case  ofl  a  road  designed  to 
carry  coal  or  mineral  or.-s  the  lov/est  possible  grades  and  tiie 
easiest  curvature  practicable  must  be  used. 

Future  Revenue  and  Opereting  Expenses:-  The  revenue  of 
a  railroad  is  proportional  to  the  amount  of  traffic  the  road 
handles.  Befor..  locating  a  railroad  an  estimate  is  usually 
made  of  the  amouni  of  traffic  the  completed  road  can  probably 


4. 

procure,    in  order  that   those    iritereBtecl  may  knov;  Yrhotlier  or 

not   it  will  prove  proiitaljle   to  mal^e   the   venture,   at   all. 

The   operating  expenses  depend  entirely  uoon  tiie  ;  "  y   ic- 

al  conditions   of   the   road  and  the    aiaou  ,'l   of    ^raffle  to   ue 

handled.    Tiie   Interstate   Cornzicrce   COLL..isslon  makes   a  four-folc 

distributmon  of  operating  expenses,  the  ain  being  to  divide 

the  expenses  into  groups  v/hich  are  as  mutually  independant 

and  distinct  as  possible.  Tlie  groups  are! 

Average  value 

1.  liaintenanc-;  of  wa:  and  structures 2Q.GC2'^: 

The  values  for  five  years  have  ar 
extreme  range  of  about  l.S'.'. 

2.  Maintenance  of  equipinenx 10.398;' 

Extreme  range  of  1.8S4;',-.  The 
tendency  has  been  for  this  itera  to 
grov;  larger,  not  only  in  absolute 
amount  but  in  percentage  of  total 
expenditures. 

3.  Conducting  transportation ■ 57.793';J 

This  item  has  been  grov/lng  relatively 
less. 

General  expenses 4.G53;: 

A  nearly  constant  item.  

100.00  ::^:j 

It  is  remarkable  that  the  cost  per  train  mile  on  rail- 
roads in  the  Uhited  States  is  practically  uniform.  The  table 
given  on  Plate  I  is  from  the  report  of  the  Interstate 
Commerce  Commission  for  1898  and  shows  very  clearly  this 
uniformity. 

The  average  value  of  95^'i   per  train  mile  will  be  used  in 
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all  calcu.lations. 

A  detailed  classification  of  operating  expenserj  is 
given  on  Plats  II.  on  account  of  it  being-  necessary  later-  to 
refer  to  these  items  by  member  and  in  groups  ac,  classified 
by  tne  Interstate  Coimerce  Comrairnio.,.  The  tab 4.0  If^   from  the 
report  o^-  the  IntersT,ate  ConiiTierce  CoiTunission  for  1895,  Pp.38- 
90. 

Influence  of  Location  on  Operating  Expenses :-Obvicusly 
it  costs  more  to  haul  a  given  araount  of  traffic  up  stee'. 
grader,  and  around  sharp  curves  uhan  to  haul  it  over  10=7 
grades  and  around  long,  easy  curves.  It  is  also  clear  that 
if  the  curvature  and  grades  can  oe  reduced  ao  as  to  make  it 
possible  to  dispense  with,  say,  one  train  a  day,  on  account 
of  the  increased  hauling  capacity  of  the  other  trains,  the 
amount  saved  in  a  year  may  be  considered  available  as  inter- 
est on  the  money  necessary  to  pay  the  increased  cost  of 
construction.  In  this  manner  distance,  curvature,  and  grade 
may  be  reduced  until  the  amount  saved  in  operating  expenses 
due  to  any  change  is  not  sufficient  to  pay  interest  on  the 
additional  capital  required  in  order  to  make  the  cheaige.  Y/hen 
this  stage  is  reached  the  location  of  the  road  may  be 
considered  to  be  the  most  economical  for  tne  given  volume 
of  traffic. 

The  tnree  factors  whose  influence  on  operating  expenses 
must  be  considered  in  detail  are:  (1)  distance,  (2)   curvature^ 
( 3 )  grade . 

Distance. 
Hot  all  the  items  in  Table  II.  are  effected,  by  a 
change  in  distance,  for  instance  tne  "general  expenses"  will 
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bo  unaffected.  These  items  ivili  not  here  be  taKen  up  Be;:;arat'.'^- 
ly  but  the  effect  on  operating  expenses  of  changes  in  clictan® 
(great  and  SKiall )  is  very  clearly  ;:-:hoiTn  in  Table  1 11,  Plate 
III,  which  is  taXen  from  Webb's  "Railroad  Construct ion", p. 439. 
Curvatur.3. 

The  principle  effect  of  curvature  on  the  operation  of 
trains  is  lir.iiting  the  train  lengtJi.  The  hes.viest  t:-:)e&  of 
engines  seem  to  give  no  considerable  amount  of  difficu.lty  on 
account  of  sharpness  of  curvature. 

In  regard  to  the  relation  of  radius  of  curvature  and  of 
degree  of  central  angle  to  operating  expenses  it  has  been 
found  that  a  train  running  at  svej^age  velocity  on  a  10°  curve 
will  encounter  an  aaditional  resistance  ( d"ae  to  curvature) 
equal  to  the  average  resistance  found  o;:  a  level  tangert. 
Therefore  on  a  1C°  curve  the  resistance  is  doubled.  It  is 
also  K.nov/n  that  it  is  the  central  angle  of  the  curve  and  not 
Its  degree  r/hich  affects  the  resistance. 

The  following  paragraph  froia  Webb's  "Railroad  Construct- 
ion", p.  450  illustrates  the  effect  of  curvature  on  operating 
expenses. 

"A  xrain  mile  costs  about  so  much — approximately  ^il.OO. 
Doubling  the  tractive  resistance  will  increase  cer^.-ain  itevas 
of  expenditures  about  so  much.  This  combined  value  is  so 
much  per  cent  of  the  cost  of  a  train  mile.  A  mile  of  continu- 
ous 10°  curve  contains  528°  of  central  angle.  A  m.ile  of  such 
track  would  add  so  much  per  dent  to  the  average  train  mile 
expense,  and  each  degree  of  central  angle  is  responsible  for 
l/528  of  this  increase.  Since  the  increase  is  irrespectiv.:. 
of  radius  and  depends  only  on  the  degrees  of  central  angle 


v;e  therefore  say  tli  t  each  degree  of  centra.1  ar.gle  of  a  curve 
xvill  add  so  nuch  to  the  average  operating  expenses  of  a 
train  mile". 

Tahle  IV,  PlatelV,  (Feolo's  "Railroad  Constriic-oion" ) 
shows  the  effect  on  operating  expenses  of  changes  i:.!  curv- 
ature . 

J 

v/ould.  increase  the  expenses  of  each  train  passing  over  it  oy 
29.78^.  of  tne  average  cost  of  a  train  mile,  and  according  zo 
the  general  principles  l-riid  down  in  the  preceding  paragra'-h, 
1°  of  central  angle  of  any  cvjr/e,  no  matter  v/hat  the  radius, 
will  incfease  the  expenses  hy  1/528  of  29. 78^:-  or  0.0564^  per 
degree . 

Goiirpensation  of  ruling  grades  for  curvature  will  he 
estinateC.  from  the  following  rules-. 

1.  On  the  upper  side  of  a  stopping  place  for  the  heaviest 
trains  compensate  O.lOv.  per  degree  of  cu.rve. 

2.  On  tiie  lower  side  of  a  stopping  place  do  not  compenscte 
at  all. 

3.  Ordinarily  com:pensate  about  0.05^  per  degree  of  curve. 
a.  Reduce  this  rate  to  0.04;.  or  even  O.OSfj  per  degree  of 
curve  if  the  grade  on  tangents  must  he  increased  to  reach 
the  required  s-amn;it. 

5.  Reduce  the  rate  somev/hat  for  curvature  aoove  3°  or  10°. 

6,  Curves  on  minor  grades  need  not  he  coirjensated. 

Grade , 
Limiting  grades  only  v/lll  be  considered  here  as  they 
are  the  only  grades  v/hich  limit  the  v/eight  of  trains  vmich 
can  be  nauled  by  one  engine. 


The  opcratlr.g  value  of  n  reductlor.  in  the   rate  of  tne 
raling  grade  is  well  shovm  oy  Table  V,  i-late  IV,  (Y/ebo). 

As  a:-  lllustrRtion,  sux^pose  the  cost  por  tyain  mile  xo 
be  95;^,  and  ohar  6  trains  -per  day  are  reQulrea  to  h-iul  the 
given  traffic  (1,700,000  tons  per  annum)  over  ruling  grades 
of  2.00-:...  If  the  rate  of  ruling  grade  be  reduced  to  1.75? 
the  n^oiiiber  of  trains  per  day  required  is  -reduced  to  5  (Se:; 
tabulation  on  p.  13),  thus  saving  one  train  per  day. 

54.82^'.  of  95;i  -   52.08g^  additional  per  train  mile  for 
the  one  train.  Assuriing  the  cost  of  additional  engine  xo   be 
$20,000,  and  itc:  mileage  life  to  be  800,000  uileE;  (Y/ellington 
"Rail'vay  Locati-o-n,"  p.  143).  This  gives  2.5;i  per  mile.  Adding 
this  to  the  52.08c'  gives  54.58p  per  day  saved.  The  yearly 
saving  is  therefore  ^199.22.  This  capitalized  at  5',.    is  ;;^S934. 

Therefore  if  -&he  reduetion  in  ruling  grade  from  2..",0;o' 
to  1.7?^  can  be  made  for  less  than  §3984  per  mile  the  invest- 
ment will  prove  profitable. 

Prom  v.'hat  has  been  said  it  seems  th£t  the  best  manner 
in  Y/hich  to  proceed  v/itn  the  location  is  to  determine  first 
the  vol-ume  of  traffic  (tons  per  ^.^ear)  that  is  to  be  b:  uled 
and  then  to  choose  a  t^pe  of  engine  suitable  for  the  -7ork. 
Table  VI,  PlateV,  gives  the  tractive  po\7er  of  various  types 
of  locomotives  and  will  aid  in  the  selection. 

After   the  type  of  locom.otive  has  been  chosen  its  weight 
on  tne  drivers  aiid  consequently  its  tractive  power  for 
different  adnesion  ratios  is  tnoxvn  (Table  VI).  Begii-ining 
with  a  ruling  grade  of,  say,  2.00f::  the  tractive  resistance 
in  pounds  per  ton  is  tcken  from  Table  III,  Plate  V  and  the 


net  Lrain  loaa  is  c;aciuated  by  subLracting  the   v;:..lgrio  of 
engine  and  tender  frovn  the  gross  -orain  load,  i7hicn  is  x-Qund 
by  dividing  the  tractive  power  of  the  loeo;:iotive  by  ^j-e 
tr;.etive  resistance,  Wnen  the  net  train  load  is  H^iov:::   the 
number  of  trains  per  year,  and  therefore  the  i^umbcr  of  trairs 
per  dsy,  can  be  calculated.  The  nuinbcr  of  trains  per  day  for 
different  rates  of  ruling  grade  snould  be  aalcnlated  and 
tabulated  as  i:.  table  or.  page  13. 

The  next  step  is  to  loeate  a  line  on  the  topographic 
map  i^hich  has  for  its  ruling  grade  tne  riighest  which  it  is 
thought  desirable;  to  consider.  In  all  probability  this  value 
Of  the  rate  of  ruling  grade  is  in  excess  of  the  one  whien 
will  finally  be  adopted.  The  inetiiod  of  procedure  of  ^.roject- 
ing  the  "paper  loc  tion"  is  sonewhat  as  follows;  Tne  projoot- 
ion  snould  begin  at  tne  submit  or  otnsr  fi:<8d  point  which  tne 
line  iBust  mahe.  Setting  a  pair  of  dividers  at  the  distance 
which  the  line  rises  or  falls  in  one  contour  inter- 
deterninea  by  the  rate  of  grade),  step  off  lo  or  12  inche 
the  map,  following  as  nearly  as  possible  the  straight  lix 
between  the  controlling  points  but  yet  not  e: ceedia. 
ruling  grade,  m  favorable  topograpny  it  is  possible 
Off  quite  a  distance  at  once,  rtepping  down  one  contour  at  s 
time,  and  marKing  b.  a  siaall  cross  nark  wnere  tne  grade  line 
crosses  each.  Since  the  r  te  of  ruling  grade  is  d^ffereit  on 
curves  and  on  tange.ts  it  is  necessary  to  reset  the  aividers 
when  cnanging  from  curve  to  tangent,  or  vice  versa. 

The  grade  contour  should  then  be  very  lightly  penciael 
m,  and  a  curve  or  two,  or  a  long  tangent  and  tne  begin  ing 
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10. 
of  one  curve,  projected.  Tnen  setting  tiie  dwiciorr.  for  v.i:.: 
proper  distance  for  the  fai:.  of  one  contour  intcrxj-al  or.  tne 
given  curve  or  tangent,  and  ^.tcrtlng  fro;;!  th::  fixed  point, 
ste:  along  the  pTojected  location  xo  the  firnt  poivx,  of  curve 
and  determine  and  v/rlte  dov,Ti  Its  elevation  to  the  nearest 
foot  and  tenth. 

Raving  reached  a  curve  fron  a  tfngent,  reset  the  dividejs; 
for  tne  proper  distance  for  the  given  fall  on  tne  curve; 
starting  from  the  P.  C.  step  around  the  curve  to  the  P.  T., 
and  detemine  and  lightly  note  its  el-vation.  Proceed  in  this 
manner  to  the  end  of  the  section  projected. 

Then  return  and  correct  the  grade  cor.tour  accordirig  to 
the  precise  points  at  v/hich  tne  elevation  of  each  contour 'is 
reached  on  ohe  actual  projection,  shetch  all  of  it  in,  and 
see  if  the  projection  corresponds  to  the  corrected  grt-de 
contour  as  vrell   as  is  possible.  Consider  everything;  the 
material;  the  surface  slope;  the  ^raterways;  v/hether  the  line 
should  be  preferably  in  cut  or  fill;  vrhether  the  tar  gent  or 
the  center  of  a  curve  cannot  be  slightly  changed  so  as  to  fit 
the  grade  contour  better,  or  avoid  a  roch  cut;  vmether  the 
form  of  the  g^alches  is  correctly  represented  and  there  is  nox- 
a  crossing  point  slightly  more  favorrble  above  or.belov;, 
which  the  topography  does  not  clearly  shov;;  rdiether  the  tan- 
gent cannot  be  broken  up  by  a  slight  curve  and  save  r.-orh 
vdiich  v/ill  be  more  conspicuous  on  t.  -  ground  than  on  the  nap; 
or,  on  tile  other  nand,  v/hether  xhe  line  cannor  be  t]xrovrr.   out 
here  and  in  there,  so  as  go  take  out  curvature  and  give  as 
good  a  profile. 

Only  after  another  short  stretch  has  been  projected  vrill 


it  be  possible  to  correctly  :iudge  tne  preceding  location. 

After  a  considerable  portion  of  tno  line  ha;-;  ti-uB  becr 
looated  the  stations  are  marked  off  end  the  elevation  of  cacv 
station  plotted  on  the  profile  sheet. 

Having  made  the  profile  the  grades  should  be  uut  on  i-. 
A  very  iuwortant  point  is  to  heep  ^he  grade  line  treli  abov,; 
the  high  v/ater  mark. 

In  the  estimation  of  quantities  for  the  purpose  of  corn- 
paring  the  advantages  of  alternate  lines  it  is  suj'f ieien-tly 
accurate  to  coni:  ute  the  volumes  by  the  method  of  averaging 
end  areas.  It  is  just  as  probable  tnat  the  same  error  xflll 
occur  in  one  portion  of  the  line  as  In  any  other  portion. 

A  considerable  portion  of  tne  preceding  instructions  in 
regard  zo   projecoi:.g  location  and  estimating  quantities  -as 
eztraetea  from  the  chapters  on  "Proiecting  Location"  and 
"Estimation  of  Quantities"  in  ;ellington»s  "l^conomic  Theory 
of  the  Location  of  Railways". 

After  one  line  vilth   a  given  ruling  grade  has  be-n  locat- 
ed, and  the  estimate  of  quantities  tabulated,  another  locat- 
ion is  made  in  precisely  the  same  manner  except  that  the 
value  of  the  rate  of  the  ruling  grade  is  lovrer.  Y/hen  the  pro- 
fije  of  this  second  line  has  been  plotted  and  the  quantities 
estimated  the  difference  in  cost  of  the  rwo  lines  is  computed. 
If  the  difference  in  cost  is  less  t.:an  the  capitalisation  of 
the  saving  due  to  reductions  in  dlBtance,  curvature,  and 
grade  a  third  line,  having  a  still  lowet  rate  of  ruling  grade^ 
should  be  located  and  this  eo^ipared  with  the  second  line. This 
process  is  to  be  continued  until  the  saving  due  to  reductions 
in  distance,  curvature,  and  grade  is  not  snfficient  to  pay 
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tlie   interest   on  the   aciditioral    capixal  reov.ired  to  inakc   tj;e 
IrroroveEents .    Tlio   laot    line  r.iay  be   consiciered  a;-;   trie  filial 
location. 

DATA . 

The  Overton  County  Railroad  is  to  be  built  in  the  cav- 
tral  part  of  Tennessee,  and  is  to  be  used  principally  to  jiaul 
coal. 

The  inaterial  to  be  excavated  will  be  considered,  for 
convenience  of  corrrputation  as  v;ell  as  lacJs.  of  defin/te  in- 
formation on  the  subject,  as  50';,^  earth  and  50;;,.  loose  roch. 
No  extraordinary  construction  being  anticipated  ti-ese  per- 
centages are  svff iciently  accurate  for  the  puT'posr,  of  coiri- 
parison. 

Pollouing  is  a  rough  estimate  of  the  cost  per  cubic  .,  ard 
of  handling  this  material: 

Loosening,  T7ith  plough 1 .5Cp 

Loading ^-5.25}^ 

Spreading ■ 1.5  Off 

Wear,  depreciation,  etc  . 0.^5f: 

Superintendence,  euc  . ■ 1.50^' 

Total  per  cubic  yard S.OCp 

For  ordinary  haul ^^ 14.00;:^ 

Total  cost  of  handling  one  cubic  yard 2Z."Z':' 

For  the  purpose  of  determining  the  most  economic  grades 
the  tonnage  is  taken  as  1,700,00.:  tons  per  year. 

The   type   of  engines  v/.  ich  are   to  be  used  is  the    "consol- 
idation".   Pro.ii   Table    VI,    Plate   V,    the   total  xreigpr    of   e;.gi::e 
and  tender   is   seen  to  be    324,800  pounds    (162.4  tons),    ti:e 
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weight    on   drivers    is   181, 2CC   ^;:Ounds.         For   Finhesion   ratio    of 
1/4  tractive   force   of   engine    in   45,SCiO  lioiinds.        Assuning 
tractive    resistpnce   on  the    level   fis    6  pounds   per  ton  the    fol- 
lowing tfble  V/9S    eor_[jutecT    for   different    grades  v/ithin   the 
probrfole    linits: 

G-rade 


E.O 
1.7 

1.4 
1.1 


?rai 

.ns 

'er  year. 

fer  clfiy 

2158 

6 

1836 

5 

1520 

4 

1221 

3 

14, 


After  locating  one  line  eavl   i^lotting  the  i-irofile,  URing 
a  rate  oi'  ruling  grade  of  2.0''6,  the  rate  of  grade  was  reduced 
to  1.4/->  and  the  nev;  jjrofile  plotted. 

The  quantities  of  material  to  he  excavated  snd.   required 

for  embsjoknient  are  trhulated  on  ?late  VI  for  hoth  lines.    It 

is  seen  that  the  cost  of  reducing  the  rpte  of  ruling  grade  fron 

2%   to  l.i-i  will  cone  under  ^'iBO.OGC.    Since  two  trains  j^-er  day 

arp  dispensed  with,  the  saving  is  '1398.4:4:   per  year  j.jer  mile. 

This  eapitali:;ed  at  5%   gives  ';:7,969.00. 

?or  51,000  ft.  of  line:  51.000  ^  ^7, 969. 00  =  ^77,000.00 
5280 

Therefore,  since  the  cost  of  lowering  the  gradient  is 
only  :'.50,000.CG ,  the  investment  v;ill  prove  profitphle. 

Prom  fdi  inspection  of  the  _ijrofile  it  is  obvious 
that  to  reduce  the  gradient  to  l.l^^'j  (saving  one  more  train  ler 
day)  './ould  require  excessive  excavation  and  would  not  he  econ- 
omical. 
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